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A hallmark of noninvasive testing has been the identification of patients with coronary artery
disease. Now, with multislice computed tomography (MSCT), information about coronary
anatomy can be obtained without the need for catheterization. A major concern with the
application of MSCT coronary angiography is the radiation exposure to the patient. Both
MSCT and selective coronary angiography share the risks of procedure-related complications,
such as allergic contrast reactions, and stochastic risks (i.e., cancer induction) of low-level
radiation. There is a substantially higher radiation dose for MSCT angiography (effective
dose [ED] 14 mSv) than for CCA (ED 6 mSv). These exposures yield lifetimes risks of 0.07%
and 0.02%, respectively, of inducing a fatal cancer in the general (i.e., age- and gender-
averaged) population. However, CCA poses additional serious risks associated with cardiac
catheterization, yielding a non-radiogenic risk of mortality—excluding contrast reactions—of
0.11%. Combining the radiogenic and non-radiogenic risks (0.02% and 0.11%, respectively)
yields a 0.13% overall risk of mortality from CCA—nearly two-fold higher than that for
MSCT angiography (0.07%). If one were to use the lower, more age-appropriate risk factors
for the older patient population in question, the radiogenic risks of both CCA and MSCT
would be reduced by about one-half, further widening the overall safety ratio of MSCT
relative to CCA. When weighing the relative risks of alternative medical procedures,
therefore, it is imperative that one consider the overall risk of the respective
procedures. (J Am Coll Cardiol 2006;47:1846–9) © 2006 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.10.075Cardiology Foundation
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r“Risk is the potential harm that may arise from some present
process or from some future event. It is often mapped to the
probability of some event which is seen as undesirable.
Usually the probability of that event and some assessment of
its expected harm must be combined into a believable
scenario (an outcome) which combines the set of risk, regret
and reward probabilities into an expected value for that
outcome.”
—Wikipedia (1)
here are specific elements to an assessment of the value
nd risk of a procedure. The overall risk is a weighted
ummation of the risk contribution of each component of
he procedure. In the case of contrast X-ray procedures, risk
ssessment is particularly complex because certain negative
utcomes are apparent immediately (such as an extravasa-
ion at the contrast injection site, myocardial infarction or
troke during the procedure, decline in renal function, or
llergic contrast reaction) whereas others are manifest only
ears later (such as the statistical risk of cancer induction).
When comparing the risk of selective coronary angiog-
aphy to that of multidetector computed tomography (CT)
oronary angiography, there are risks common to both
rocedures, such as an allergic contrast reaction and radia-
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005, accepted October 25, 2005. 1ion as well as risks unique to each. Typically, 100 to 130 ml
f nonionic contrast media containing 300 to 350 mg of
odine per milliliter are injected for CT angiography or a
ombination of selective coronary intrarterial injections and
ossibly a ventriculogram for cardiac catheterization studies.
onionic contrast media causes severe allergic reactions1 in
.2% to 0.7% of patients (2–5). Additionally, CT coronary
ngiography poses a risk of extravasation2, which occurs in
.3% to 0.6% of patients when a power injector is used in a
eripheral vascular line. In addition to the 0.37% incidence
f contrast reactions, cardiac catheterization has a major
omplication rate of 1.7%, including mortality in 0.11%,
yocardial infarction in 0.05%, neurologic complications in
.07%, and hemodynamic complications in 0.26% of cases
6,7). Compared with these readily apparent adverse events
ith the use of either CT or catheterization, the potential
ow-dose radiation risk is extremely difficult to evaluate.
Risk must be considered in the context of the procedure.
ardiac catheterization has evolved from a diagnostic ex-
mination to a procedure often performed with intention to
1Reactions are divided into mild, moderate, and severe. Mild reactions usually are
elf-limiting, often do not require treatment, or may be managed with the use of
ntiemetics and antihistamines. Significant urticaria may require steroids. Moderate-
o-severe bronchospasm, laryngospasm, or hypotension requires treatment with
xygen and epinephrine. Anaphylactoid reactions, seizures, or cardiovascular collapse
equires a resuscitation team for evaluation and treatment (2).
2Average of 18 ml. The incidence of extravasation is similar with injection rates of
to 2 ml/s and 3 to 4 ml/s.
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May 2, 2006:1846–9 Risk Has its Rewardreat. In 2002, an estimated 1,463,000 inpatient cardiac
atheterization procedures were performed (8), leading to
pproximately 1,204,000 angioplasty procedures3. Less-
nvasive procedures have become a gatekeeper, helping to
elect patients for catheterization in anticipation of treat-
ent. In patients with chronic stable angina, for example,
here the diagnosis of coronary disease is established,
xercise EKGs were performed in 689,851 patients, whereas
tress echocardiography was performed in 303,047 and
tress myocardial perfusion imaging in 1,158,389 (9). The
alue of the noninvasive procedures is improved with the
ddition of information about coronary artery calcification
10) and is likely to be further enhanced with the addition
f information about coronary anatomy.
Contrast-enhanced, gated, multislice computed tomog-
aphy (MSCT) coronary angiography offers an opportunity
o visualize the coronary arteries in patients with chest pain.
owever, the patient radiation exposure associated with
SCT is higher than that of conventional diagnostic
oronary angiography (CCA). The report by Coles et al.
11) in this issue of the Journal, which compares the
adiation exposure from MSCT to that of diagnostic selec-
ive coronary angiography in the same patients, provides
dditional objective data about this important and timely
ssue.
To put the risk of radiation in perspective, in 2002
alignant neoplasms caused the death of 557,271 people (of
total of 2,443,387 deaths) (12) in the U.S. It is unclear
ow many of these malignant neoplasms were related to
adiation exposure. High doses of radiation are clearly
inked to immediate and delayed effects (13), whereas the
ffects of long-term exposure to very low levels of radiation,
s used in diagnostic procedures, remain highly controver-
ial. For example, no additional risk of cancer was found in
opulations exposed to higher levels of background radia-
ion (14,15) or among individuals (such as airline pilots)
eceiving relatively high occupational exposures (16,17).
espite such data, various advisory bodies used the conser-
ative assumption that no level of radiation is without excess
isk, that is, the zero threshold hypothesis. To estimate the
ractically immeasurable risk from low-level radiation, var-
ous mathematical models are required to extrapolate dose-
3Angioplasty procedures consist of 657,000 percutaneous transluminal coronary
Abbreviations and Acronyms
CCA  conventional coronary angiography
CT  computed tomography
CTDI  computed tomography dose index
DAP  dose-area product
ED  effective dose
MSAD  multiple-scan average dose
MSCT  multislice computed tomography
TLD  thermo luminescent dosimetera
ngioplasties and 537,000 stent placements. A total of 640,000 patients had these
ngioplasty procedures.isk data from highly exposed populations. Currently, a
inear relationship between dose and risk is used in the risk
odel for low-level exposures. The National Council on
adiation Protection and Measurements (NCRP) thus
ecommends a risk factor of 5  102 Sv1 for lifetime
ancer mortality for the general population (18). Concep-
ually, this means that if a randomly selected population of
00 people each received an effective dose (ED; see the
ppendix for approaches to calculating the radiation bur-
en) of 1 Sv (100 rem), which is equivalent to a uniform
hole-body absorbed dose of 1 Gy (100 rad) of sparsely
onizing radiation (such as diagnostic X-rays), five addi-
ional fatal cancers would ensue over the balance of the
ifetimes of the irradiated individuals. The BEIR V Com-
ittee (19) endorsed a somewhat-higher risk factor of 7.9
02 Sv1. Importantly, as lifetime risk factors for the
eneral population, these represent age- and gender-
veraged values. However, in the patient population of
oles et al. (11), the population was skewed toward older
ndividuals, with a mean age of approximately 62 years. For
uch an older population, the risk factor for lifetime cancer
ortality is less than one-half of that for the general
opulation and less than one-third of that for a younger
opulation (i.e., younger than 55 years of age) (20). The use
f general-population (i.e., age-averaged) risk factors will
herefore overestimate the actual radiogenic risk to older
atients, that is, patients typically being evaluated for
oronary artery disease.
Although modern fluoroscopy systems automatically ad-
ust the amount of radiation delivered for body size, pre-
umably resulting in a uniformly low ED among patients,
utomatic adjustment of tube current (milliampere, mA)
nd tube current-time (milliampere-second, mAs) are not
et incorporated into CT scanning protocols. However,
SCT scanning techniques are being developed to reduce
atient radiation dose (21). For example, because the X-ray
eam attenuation is less in the shorter posterioroanterior
irection than in the longer lateral direction, fewer incident
hotons will be required to achieve the same degree of
rojection-image mottle (“noise”) when the tube is anterior
nd posterior to the patient. The radiation dose may
herefore be reduced by decreasing the X-ray tube current
hen in these positions relative to the patient.
Alternatively, the X-ray tube may be prospectively trig-
ered to generate X-rays only during predetermined por-
ions (e.g., ventricular diastole) of the R-R interval of the
ardiac cycle, when cardiac motion artifacts are less likely.
or prospectively triggered calcium-scoring CT, for exam-
le, the ED is only 1 mSv, 25% to 40% of that for
etrospectively triggered calcium-scoring examinations (2.6
o 4.1 mSv), and approximately equivalent to the low ED
1 mSv) of electron-beam CT calcium scoring and
ngiography (22).
When weighing the relative risk of any medical proce-
ure, it is imperative that one consider the overall risk of
lternative procedures. In the current report, Coles et al.
(
r
d
c
h
a
m
f
t
M
r
u
0
r
t
t
a
n
a
t
o
f
o
b
m
e
t
M
p
h
5
c
c
t
p
r
4
i
b
v
p
t
s
w
R
M
N
R
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
1848 Zanzonico et al. JACC Vol. 47, No. 9, 2006
Risk Has its Reward May 2, 2006:1846–911) rigorously analyzed the radiation dose and attendant
isk associated with MSCT angiography versus selective
iagnostic coronary angiography in the same patients and,
onsistent with previous reports, found a substantially
igher radiation dose for MSCT angiography (ED was
pproximately 14 mSv) than for CCA (ED was approxi-
ately 6 mSv). On the basis of the general-population risk
actor of 5  102 Sv1 for lifetime cancer mortality (23),
he risk of inducing a fatal cancer is therefore 0.07% for
SCT angiography and 0.02% for CCA. However, as
eported by Noto et al. (24) in more than 59,000 patients
ndergoing CCA, the nonradiogenic risk of mortality is
.11% and of a major complications (excluding contrast
eactions) is 1.3%. Most, if not all, of these serious noncon-
rast adverse events are a consequence of cardiac catheriza-
ion and therefore would be avoided with the use of MSCT
ngiography. Accordingly, combining the radiogenic and
onradiogenic risks (0.02% and 0.11%, respectively) yields
n overall risk of mortality of 0.13% for CCA—nearly
wofold greater than for angiography (0.07%). Moreover, if
ne were to use the lower, more age-appropriate risk factors
or the patient population in question, as discussed previ-
usly, the radiogenic risks of both CCA and MSCT would
e reduced by about one-half (to lifetime risks of cancer
ortality of about 0.065% and 0.035%, respectively), wid-
ning the overall safety ratio of MSCT angiography relative
o CCA. For an equivalent clinical diagnostic efficacy of
SCT angiography and CCA (25–33), MSCT angiogra-
hy emerges as the safer of these two alternatives, despite its
igher radiation dose.
If the entire 18,800,000 people comprising the 50- to
5-year-old population of the U.S. (34) were screened for
oronary artery disease using MSCT, the anticipated in-
rease in the number of fatal cancers would be 14,900. If
his screening were repeated every five years until the
opulation reached the age of 70, the aggregate increased
isk would be increased by approximately threefold, to
2,900. Because the average age of patients with their first
nfarction is 65.8 for men and 70.4 for women (8) and
ecause 94% of patients had 75% stenosis in at least one
essel (35), these sequential procedures should identify
atients with significant stenoses before their initial event. If
his procedure prevented even 10% of the estimated 355,000
udden deaths (8) each year, the trade-off would be well
orthwhile.
eprint requests and correspondence: Dr. H. William Strauss,
emorial Sloan-Kettering Cancer Center, 1275 York Avenue,
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PPENDIX
or the technical aspects of radiation exposure, please see
he online version of this article.
